Background: Web-based surveys (WBS) are increasingly applied in epidemiological studies as an appealing alternative to traditional survey methods. Rapid data collection, reduced expenditure and ease of access to large populations are some of the clear advantages of online surveys. However, WBS are still subject to limitations in terms of sample size, response rate and other additional biases compared to traditional survey methods. In the present study, we seek to validate data on food allergy (FA) in two independent sample populations collected from a WBS, and compare it to a paper-based survey (PBS). Methods: Data collected from two survey modes were compared by hypothesis testing for independent sample population. The WBS included 1185 respondents, while the PBS included 9039 respondents. Results: Overall, the data from the WBS were comparable to the PBS conducted over the same period of time in Vietnamese adults. There were no effects of different survey modes on the lifetime prevalence of doctor-diagnosed FA (5.7%; P = 0.7795, β = 0.05) and IgE-mediated FA (5.8%; P = 0.9590, β = 0.05). Both surveys showed the dominance of seafood allergy in this population (up to 2.6%), followed by beef allergy. Close correlation was seen in the patterns of FAs and different clinical symptoms. The contribution of family history of allergic diseases and place of residence to FA were confirmed in both surveys. Conclusions: The consistency of the WBS results with the PBS indicates a promising application of online surveys as an economic and validated model for future epidemiological studies, specifically in developing countries.
Background
Food allergy (FA) is a growing public health concern worldwide, affecting the wellbeing and quality of life of about 4% of adults and 6% of children in the general population [1] . FA has received much attention in Western countries due to the high prevalence and severity of food-related anaphylaxis, especially in young children [2, 3] . Many of these countries have comprehensive healthcare initiatives to help manage FA, such as HealthNuts in Australia, EuroPrevall in the European community and National Health Interview Survey in the United States of America (USA). These national/multinational programmes have contributed enormously to improve the quality of life of affected people as well as raise public awareness of FA.
In other parts of the world, FA studies remain limited [1] . For example, in Asia, only a few countries have available data on FA. Although FA has been considered as a problem resulting from modern lifestyles, recent studies in Asian communities revealed high prevalence rates of FA compared to Europe and the USA, along with unique FA patterns [4] . For instance, allergies to peanut and tree nut are the most common causes of food-induced anaphylaxis and death in children from Western countries [5] , whereas the frequencies of these allergies are very low in Singapore and the Philippines [6] . Furthermore, many developing countries lack FA management policies and medical readiness for appropriate interventions [7] . This raises concerns about potential impacts of FA on population health in developing countries and emerging economies.
The paucity of FA epidemiologic data in developing countries is likely due to monetary constraints. Conventional epidemiological study methods such as telephone surveys, postal surveys or interview surveys often require a good infrastructure and substantial capital funding for implementation (i.e. employment of executive staff, development of survey programs and logistics) [8] . In addition, population-based surveys are often a prolonged process, normally requiring from one to 5 years to yield the desired outcomes. The recent information technology explosion concomitant with an increase in internet penetration worldwide has resulted in the advent of web-based surveys (WBS) as a new, cost-saving survey mode [9, 10] . In the field of FA, the first WBS was conducted in Greece in 2006 with the participation of 3673 adult subjects [11] . The survey data was collected after 3 months of implementation with low investment costs. However, one of the biggest concerns with WBS is the validation of its generated data compared to traditional survey methods. Many comparative studies have been conducted assessing the benefits of the WBS in the context of cost efficiency and time management. Yet, no studies have been implemented to validate the quality of WBS data over other traditional survey types.
In the present study, we assessed the data collected from two survey modes: WBS versus paper-based survey (PBS) on FA in Vietnamese adults. The surveys were conducted at different locations throughout Vietnam to determine the contribution of environmental factors (i.e. rural vs. urban) to FA incidence in this developing country. The main outcomes of the two independent surveys were compared, including demographic features of participants, distribution of food-induced adverse reactions, prevalence of self-reported FA, doctor-diagnosed FA and IgE-mediated FA, distribution of food allergens and the association of demographic factors with FA. This study sought to evaluate the possible application of WBS for future epidemiological studies, especially in developing countries.
Methods

Study design
Two population-based surveys (WBS and PBS) were conducted in a similar student population aged 16-50 years to evaluate the current prevalence and pattern of FA in Vietnamese adults. Both survey modes used the same questionnaire to collect data. Study populations were randomly selected by cluster sampling method from a list of university students in two main regions: Khanh Hoa province and Ho Chi Minh City. Furthermore, these students were also divided based on specific areas they originally came from, to assess the possible impacts of environmental factors on FA incidence. Participants were invited to one survey mode only. The surveys were anonymous and voluntary for all participants. The study design and survey procedure were reviewed and approved by the Human Research Ethics Committee at James Cook University (ID: H6437).
Paper-based FA survey
The paper-based FA survey was conducted from March to December 2016. Questionnaires were distributed to the target population and most of the answer sheets were collected on the same day. By accepting to answer the questionnaire, the participants gave their consent to the study. The response rate was calculated by dividing the number of returned questionnaires by the total distributed.
Web-based FA survey
Students' email addresses were randomly selected from a list of more than 35,000 participating students. These email addresses were assigned by participating universities (Gmail, supplied by Google). Official approvals for using the students' email in this study were obtained before conducting the survey.
An invitation letter with detailed information about the study was randomly sent to 6000 email addresses from March to May 2016. By clicking an email link to the questionnaire, participants gave their consent to the study. The waiting period for collecting the first response was 2 weeks. Another reminder email was automatically sent to the participant after 2 weeks to complete the survey, with an additional waiting time of two more weeks. Participants were invited to the survey only once and asked to disregard the reminder emails if they had already completed the questionnaire.
The WBS was designed by using Google Forms. The Google account foodallergy.vn@gmail.com for this study was set up and managed by the lead investigator to collect survey responses. Each IP address could only access the questionnaire once. Survey responses were collected anonymously and saved in the designed platform. The survey responses were backed up in Microsoft Excel for further analysis. The study data were kept confidentially and only the lead investigator has access to the survey data.
Questionnaire design
Taking into consideration that FA definition and its symptoms might not be widely understood by most Vietnamese, we designed a questionnaire to collect general information on clinical symptoms associated with food ingestion. This structured, anonymous questionnaire was modified from recent epidemiological studies conducted in Asian populations [6, 12] . The questionnaire contained two parts: part I asked the participant demographic information (i.e. age, gender and residential location) and part II contained ten questions on FA (Additional file 1: Appendix S1). The questionnaire was translated into Vietnamese; its content and translation were reviewed by the above HREC.
Definition of FA in the surveys
According to the most recent definition established by the EAACI and the World Allergy Organization (WAO) in 2004, FA is a hypersensitivity reaction initiated by immunological mechanisms triggered by a food component and "food-induced adverse symptoms" are any abnormal clinical response that occurs following ingestion of a food or food component.
The clinical manifestation of FA upon exposure, via ingestion, inhalation or skin contact, involves a broad spectrum of symptoms including dermal, gastrointestinal and respiratory symptoms. This study was designed to collect self-reported clinical data on food-induced adverse reactions in Vietnamese adults and interpret the prevalence of FAs in this age group. The criteria to define self-reported FA, doctor-diagnosed FA and IgE-mediated FA in this survey were based on the most recent EAACI guidelines on FA and anaphylaxis [13] . Participants who answered 'yes' to questions 1 to 4 in part II of the questionnaire were considered to have self-reported FA. Similarly, participants who answered 'yes' to questions 1 to 6 were identified as the individuals with doctor-diagnosed FA. Participants who exhibited the typical symptoms for IgE-mediated FA, including hives/urticaria or angioedema or anaphylaxis reactions (i.e. drop in blood pressure, loss of consciousness, chest pain and weak pulse) after food intake [14] , and answered 'yes' to questions 2 to 6 were considered to have IgE-mediated FA. The lifetime prevalence of self-reported FA, doctor-diagnosed FA and IgE-mediated FA was estimated.
Statistical analysis
Survey data were imported to the IBM SPSS Statistics for Windows, version 24.0 (IBM Corp., Armonk, N.Y., USA) for statistical analysis. Continuous variables were expressed as mean ± SD. Categorical data were calculated to generate prevalence rates. The prevalence rate was calculated to provide a 95% Confidence Interval (CI) of responses to each criterion. Comparative analysis of the same variables (i.e. FA prevalence, distribution of clinical symptoms, FA triggering food groups and multivariable logistic regression analysis results) between the two survey modes was performed by either two-tailed t-test or z-test. 95% CIs were calculated to interpret the difference in proportion or odds ratios (ORs). Statistical significance was considered at a P value of < 0.05 for all tests.
Results
Comparing the demographical data between two survey modes
One thousand eight hundred fifty-four (1854) adult participants answered the questionnaire from the WBS compared to 9039 responses from adult participants in the PBS (Fig. 1) . Overall, PBS gained a higher response rate than WBS (62.3% vs. 30.9%). The two survey modes showed the predominance of female participants: 61.7% in the WBS and 67.3% in the PBS. The average age of participants was 21.6 ± 3.4 years (WBS) and 19.8 ± 2.5 years (PBS) ( Table 1 ).
Comparing the distribution of clinical manifestations and food triggers between the two survey modes
There were more people suffering from food-induced adverse reactions in the WBS (86.0%) than in the PBS (72.6%). The difference was seen in the number of perceived FA: 27.8% (WBS) vs. 18.0% (PBS) and the number of participants with perceived FA seeking medical advice: 25.8% (WBS) vs. 37.9% (PBS) between the two survey modes. However, the two surveys had very similar prevalence of doctor-diagnosed FA (WBS: 5.7%; PBS: 5.8%) and IgE-mediated FA (4.1% for both WBS and PBS) (Fig. 1) .
The proportion of clinical symptoms reported in the two surveys are presented in Fig. 2 . Generally, the two study modes gained a very similar contribution of clinical symptoms in all defined groups in this study. While diarrhoea was the most common adverse symptom reported in the general study population and in the self-reported FA group, hives was the dominant symptom in doctor-diagnosed FA and IgE-mediated FA in both survey modes.
In terms of triggering food items, no significant difference was seen in the contribution of food items in the surveys in regards to clinical symptoms. Seafood including fish, crustacean and shellfish stood out as the major triggering food items for food-induced adverse symptoms as well as doctor-diagnosed FA and IgE-mediated FA in both survey modes ( Fig. 3 and Additional file 2: Figure S1 ). Minor differences were seen for other food groups, where there were more cases reported in the WBS than in the PBS.
Comparing the prevalence of FA between the two survey modes
The prevalence of self-reported FA, doctor-diagnosed FA and IgE-mediated FA was calculated based on the defined criteria of the study (see material & method section). The prevalence rates were generated from crude data and the difference of these proportions was analyzed by two-tailed z-test between the two independent populations (Table 2 ).
In the self-reported FA group, the two survey modes gained statistically different prevalence for most food items (P < 0.001), except in the cases of beef, peanut, soy and tree nut. However, in the doctor-diagnosed FA and IgE-mediated FA groups, the differences were seen in the prevalence of FA to other foods (doctor-diagnosed FA) (P < 0.001), as well as beef and tree nut allergy (IgE--mediated FA) (P < 0.01). There was no statistical evidence for the differences in FA prevalences between the two survey modes, with accepted of a type II error of 0.05. Additionally, when considering the 95% CIs of the prevalence from each variable, there was no difference in the prevalence of FAs between WBS and PBS. In summary, regardless of the survey modes and the different response rates, the WBS and PBS reported very similar prevalences of most of FAs in this study.
The association of demographic factors with FA between the two survey modes Multivariable logistic regression models were performed to analyze the association of demographic factors with FA (Table 3 ). The predictor variables were gender, family history and co-existence of other allergic diseases and outcome variable was doctor-diagnosed FA. The two-tailed t-test was used to compare the odds ratios of risk factors between WBS and PBS. The family history of allergy was the strongest predictor of doctor-diagnosed FA (P < 0.001) regardless of survey modes. There is no statistical evidence for the difference of ORs of family history as a risk factor between the two survey modes (β = 0.05). Gender and atopy conditions showed no effects on doctor-diagnosed FA in both survey modes.
Data on the residential locations of the survey respondents were grouped into four different geographical regions: the South Central Coast, the Central Highlands, the South East and the Mekong Delta. According to the General Statistics Office of Vietnam (GSO 2015), we defined rural and urban areas in this study taking into consideration the effects of population density, lifestyle and living environment. There are two big metropolitan areas in Vietnam: Hanoi and Ho Chi Minh City. As there were no participants from Hanoi, we grouped participants from the South East, mostly reside in Ho Chi Minh City, as people living in urban areas. Participants living in other parts of the country were considered to live in rural areas. A comparison was made to evaluate the impact of geographical location on FA incidence. First, we observed a higher number of doctor-diagnosed FA subjects in the South East compared to other parts of the country in both survey types (Fig. 4a-b) . However, there were no statistical evidences for the difference in prevalence of doctor-diagnosed FAs among these regions between the two survey modes (β = 0.05). Only in the South East, we reported a statistically significant difference of the overall prevalence of doctor-diagnosed FA resulted from different survey modes (P < 0.001) (Fig. 4c) .
Discussion
This is the first study to validate data from two survey modes, WBS and traditional PBS, using the same questionnaire in an identical population. In general, the data from this WBS were comparable to the PBS conducted at the same point of time in two independent sample populations, especially with respect to the prevalence rates of FA, FA patterns and the distribution of clinical presentation.
However, we also observed substantial variations in self-reported FA prevalence between WBS (27.8%) and PBS (18.0%). This more or less reflects the current understanding of Vietnamese participants about FA definition and its clinical manifestations. In reality, the prevalence of self-reported FA might vary from 3 to 35% when comparing different epidemiological studies in the USA [15] , Europe [16] and Asia [4] . However, the overall prevalence of doctor-diagnosed FA and IgE-mediated FA across the two survey modes were similar and comparable to previous studies in adults in Taiwan [17] , USA and Canada [18] . Furthermore, both surveys once again confirmed the predominance of seafood allergy in Asian population [19] . Values reported as % (95% CI). The Two-sample z-test for the Difference Between Proportions was performed to obtain P values. '*' statistically significant (P < 0.05).
Seafood accounts for more than half of the reported food-induced allergic reactions in this study, and this observation was reported previously from population-based questionnaire surveys in children in Thailand, the Philippines and Singapore [6, 20] . Additionally, very low rates of peanut, tree nut and wheat allergy were established, closely correlated to other studies performed in Asian countries [6, 21] . FA can often be confused with other non-allergic food hypersensitivities due to its wide spectrum of clinical symptoms [13] . In spite of using different survey types, we observed a very similar pattern of reported clinical symptoms among defined FA groups. Although there were more self-reported FA participants reporting gastrointestinal symptoms (diarrhoea, nausea or vomiting, stomach pain) in the WBS than in the PBS, we found no significant effect of survey modes to the outcomes of clinical manifestations. Hives was the most frequent adverse symptom for FA, followed by diarrhoea in doctor-diagnosed FA and IgE-mediated FA. The major limitation of this study was that the information of doctor-diagnosed FA was self-administered. It would be ideal to confirm the allergic responses in suspected participants by in vitro and in vivo tests. However, in Vietnam, limited services and commercial diagnostic tests are available for food allergic people, especially in rural areas. According to our knowledge, at present, there are very few allergists and allergy clinics located in the two biggest cities in Vietnam, Hanoi and Ho Chi Minh City, that could provide in vitro and in vivo FA diagnostic tests. Hence, very few people could have access to all in vitro and in vivo FA tests. Further investigations in the affected population, using a combination of above mentioned tests are initiated by our group.
The multivariable logistic regression analysis of demographic factors to FA in the two survey modes strengthens the validation of WBS with respect to PBS. Family history of allergic diseases was the strongest indicator for FA in WBS and PBS (P < 0.05), whilst gender and atopy condition did not have any effects. With respect to the association of geographical region to FA incidence in the two survey modes, people living in rural areas showed a lower prevalence of FA than those in urban areas. A difference in prevalence of FA between survey types was only observed in the South East. In other regions, no statistical evidence was found to support a different incidence of FA between geographical regions.
As with all epidemiologic studies, there are several pitfalls that need to be considered prior to interpreting the results of a FA survey. In the case of a WBS, limitations include recall bias, response bias, participation bias and selection bias. In this study, our target population was young Vietnamese adults attending universities. Participants from the two survey modes have very similar ages (WBS: 21.6 ± 3.4 years and PBS: 19.8 ± 2.5 years) and educational level. Thus, the recall bias would be considered equal between the two survey types.
In terms of response bias, WBS showed a lower response rate (30.9%) than PBS (62.3%). Low response rate has previously been encountered in several paper-based FA surveys. For instance, in a FA survey in the UK, the authors reported a response rate of 36% [22] whilst in a nationwide Canadian study on FA, a participation rate of 34.6% was reported [23] . In an epidemiological study, response rate is associated with study bias. Normally, investigators need to collect information from the non-response group to adjust for the final prevalence rate [18, 24] . In our PBS, we assumed that people did not answer the questionnaire merely because of their non-interest in the topic. However, this ignorance might be a result of an absence of health problems arising from food ingestion. In this case, it is essential to have proper investigation on non-response bias to generate more accurate prevalence of FA in this population. In the WBS, there are a number of potential reasons that could explain the low response rate: the survey email did not reach participants; participants did not check their email frequently; the survey email was automatically placed into the participant's spam mailbox; the possible exhaustion of internet users to online surveys; the participants were not interested in the survey or the participants had no food-related complaints. Overall, in spite of variations in sample size and response rate, key findings on FA in Vietnamese adults are consistent between the two survey modes. This is corroborated by a recent study on FA in the US in which the authors revealed that non-respondents posed no effects on demographics and other key variables after conducting a non-response bias analysis [15] .
With respect to participation bias, we observed a higher proportion of female participants compared to males in both WBS and PBS, while at the time of this study, Vietnam had an equal ratio of male and female adults aged 15 to 50 years and the ratio of male and female students is 1:1.02 [25] . The tendency that a certain gender prefers a specific mode of epidemiological survey was also seen in other population-based studies [26] . Thus, an appropriate adjustment needs to be made to generate the final prevalence rate.
A major limitation of WBS is the selection bias. WBS seem to be more feasible for young population with access to the Internet than other groups in the general population (i.e. older people, workers) [27] . In case of Vietnam, people under the age of 35 years account for 60.5% of the population [25] . Furthermore, this country has a high proportion of internet users (52.1%) compared to the average internet penetration in Asia with 45.2% [28] . Most universities provide work-domain email addresses to their students and email is the major official channel for information exchange in educational institutes in Vietnam. University students were selected as the target population for this FA survey as they represent the young population of Vietnam and there is no foreseen bias between educational levels and FA incidence. Besides, this population is better educated overall and represents frequent internet users who are more likely to check their email inbox at regular intervals and enter the survey. Selection bias can be adjusted in combination with other surveys tailoring for other age groups (i.e. children) and people with occupational allergy to obtain a more accurate prevalence of FA in a community. Apart from that, no difference in the bias between the paper-based survey and internet survey could be demonstrated [9, 29] .
To increase the response rate, incentives could be considered [30] . However, the decision to use incentives and the type of incentives are dependent on the available financial capacity of the research project as well as the culture of each community where the study will be implemented. Suggestions on using incentives were mentioned elsewhere [31] . In this study, we decided not to use incentives to limit the chance that participants might enter the survey more than once and thus might be a potential thread for participation bias.
In summary, we demonstrated that WBS could provide very comparable results to the traditional PBS. The economic efficiency of WBS was confirmed in this study (Additional file 3: Table S1 and Table S2 ) and from previous study [26] , as this survey was conducted in Vietnam, a reflection of a typical developing economy in Asia. Before this study, there was no information available about FA incidence nor national clinical guidelines on FA in Vietnam. This investigation was our first analysis of the frequency of FA in Vietnam and will be followed up by in vivo and in vitro studies in an affected population. These surveys assisted in improving the awareness about FA in Vietnam and provided important information about the current FA situation for healthcare professionals and public health policy makers. The consistence of key outcome values from WBS compared to PBS indicated the potential application of online surveys in epidemiological studies in other populations with limited capital and resources. Moreover, there are numerous available survey algorithms available, including free software that are accessible to all internet users. In our opinion, this online survey could combine with national campaigns on FA to increase awareness and understanding of FA in the general population. With the continuing rise of internet penetration in the general population, this method can be applied widely in schools and in offices. However, appropriate considerations need to be given to ensure the privacy of the respondents; the study design and the questionnaires need to be reviewed by relevant Human Research Ethics Committees.
